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We derive limits on the dark matter annihilation cross section and lifetime using measurements
of the AMS-02 antiproton ratio and positron fraction data. In deriving the limits, we consider the
scenario of secondary particles accelerated in supernova remnants (SNRs) which has been argued to
be able to reasonably account for the AMS-02 high energy positron/antiproton fraction data. We
parameterize the contribution of secondary particles accelerated in SNRs and then fit the observa-
tional data within the conventional cosmic ray propagation model by adopting the GALPROP code.
We use the likelihood ratio test to determine the 95% confidence level upper limits of the possible
dark matter (DM) contribution to the antiproton/positron fractions measured by AMS-02. Our
limits are stronger than that set by the Fermi-LAT gamma-ray Pass 8 data of the dwarf spheroidal
satellite galaxies. We also show that the solar modulation (cosmic ray propagation) parameters can
play a non-negligible role in modifying the constraints on the dark matter annihilation cross section
and lifetime for mχ < 100 GeV (mχ > 100 GeV), where mχ is the rest mass of the dark matter
particles. Using this results, we also put limits on the effective field theory of dark matter.
PACS numbers: 95.35.+d, 98.70.Sa
I. INTRODUCTION
Eighty years after its discovery [1–5] the nature of dark matter (DM) remains to be mysterious. Among vari-
ous hypothetical particles, the so-called weakly interacting massive particle (WIMP) is the leading candidate [2].
It is also widely believed that WIMPs could annihilate with each other and then generate (or alternatively decay
into) stable particles, such as high energy γ−rays and pairs of electrons/positrons, protons/antiprotons, and neutri-
nos/antineutrinos [2, 6, 7]. Such particles propagate into the Galaxy and then become part of the cosmic rays. The
accurate measurements of cosmic rays hence in turn provides the people a valuable chance to study the dark matter
particle indirectly. The indirect detection of dark matter particles with space-based cosmic ray detectors has been a
quickly evolving field since 2008 [8–14]. The most-extensively discussed signature is the high energy spectra of cosmic
ray electrons and positrons (equally, the positron to electron ratio data) that are well in excess of the prediction of
the conventional cosmic ray propagation model, i.e., the so-called electron/positron excesses [15]. Before 2015, due to
the lack of evidence for an antiproton excess [16], the electron/positron excesses have been widely attributed to the
leptonic dark matter annihilation/decay [17–20]. Nevertheless, the astrophysical origins, such as the electron/positron
pairs from pulsars [21] or the secondary particles accelerated in the SNRs [22–25], can also reasonably account for
the data. For example, Di Mauro et al. [26] has shown that the electron/positron data can be satisfactorily modeled
through the sum of an average primary electron flux from distant sources and the fluxes from the local supernova
remnants in the Green catalog and the secondary electron and positron fluxes originate from interactions on the inter-
stellar medium of primary cosmic rays. Such facts suggest that in comparison to identifying dark matter signal it may
be more reasonable to use the data to set limits on the dark matter annihilation cross section and decay lifetime in
given dark matter scenarios. In the PAMELA era, in view of the lack of distinct spectral structures that are predicted
to arise in dark matter annihilations/decays into electrons/positrons in the data, some researchers constrained the
physical parameters of these exotic particles by assuming that the positron fraction excess arises from a group of
pulsars [20]. With the first AMS-02 result (i.e., the positron fraction up to ∼ 350 GeV [11]), an improved approach
yielded stringent limits on dark matter annihilating or decaying to leptonic final states [27]. Later, the positron
flux data or alternatively the electron flux data has been adopted to set limits on the dark matter annihilation/decay
channels [28, 29]. Recently, the AMS-02 antiproton-to-proton ratio data has been announced in a dedicated conference
[30] and the high energy part seems to be in excess of the regular prediction of conventional cosmic ray propagation
model (while in Ref.[31, 32] they argue that the background (BKG) is enough to explain AMS-02 antiproton data if
uncertainty in propagation model, solar modulation and nucleon collision process are taken into account). In this work
we take both the antiproton ratio data and the positron fraction data to place the limits on the physical parameters of
dark matter particles. The pulsar model may account for the positron fraction excess but likely not for the antiproton
data. In this work we consider the scenario of secondary particles accelerated in SNRs [22, 23] which may explain
both the AMS-02 positron fraction and antiproton ratio data. Following the phenomenological AMS parametrization
approach we parameterize the contribution of the SNR with a simple function and calculate the background (BKG)
ratio of positron and antiproton with GALPROP[33], then we add the SNR component to the BKG component as
2the total ratio at top of the atmosphere (TOA). Using this result we place limits on the DM parameters. We find that
our limits are stronger than the limits given by Ackermann et al. [34] which derived from the Fermi-LAT gamma-ray
Pass 8 data on the dwarf spheroidal satellite galaxies. Further more, we use this results to put constrains the effective
field theory which are mostly discussed at direct detection and Large Hadron Collider (LHC).
This work is arranged as the following. In Section II we briefly introduce the model of secondary particle acceleration
in SNR, some details of BKG CR propagation model. In Section III we present our limits on the dark matter
parameters and study the uncertainties caused by the propagation parameters, solar modulation parameters, and the
dark matter distribution profile models. And in Section IV we put limits on the effective field theory by using the
results we obtain in Section III. We summarize our results in Section V.
II. THE ASTROPHYSICAL ORIGIN MODEL OF AMS-02 ANTIPROTON RATIO AND POSITRON
FRACTION DATA
A. Secondary particle acceleration in SNR
In this work, we consider the acceleration of secondary CRs in the SNR diffusive shock. The evolution of the gyro-
phase and pitch-angle averaged phase space density fi ≡ fi(x, p) of species i is governed by the transport equation
[22–25]
∂fi
∂t
= −u
∂fi
∂x
+
∂
∂x
Di
∂fi
∂x
−
p
3
du
dx
∂fi
∂p
+Qi(x, p), (1)
and the the solution of this equation is found to be
fi(x = 0, p) = γ(
1
ξ
+ r2)
∫ p
0
dp′
p′
(
p′
p
)γ
Di(p
′)
u2−
Qi(p
′), (2)
where − represent upstream and + represent downstream, the slope γ = 3u−/(u−−u+) = 3r/(r−1), u is the velocity
of fluid, r = u−/u+ is the compression factor. For a strong shock r → 4 and γ → 4. The factor ξ represents the mean
fraction of the energy of an accelerated proton carried away by a secondary particle in each scattering. Di(p) ∝ pα is
the diffusion coefficient of the shock [22]. The production rate at a position x around the shock is
Qi(x,E) =
∑
j
∫
dσji(E
′, E)cNj(x,E
′)ngas(x), (3)
where c is the speed of light, σji(E
′, E) is the cross section for a primary specie j of energy E′ to produce a secondary
particle i of energy E. The source spectrum Nj = 4πp
2fj(p)u+τSN and fj ∼ p−γ then Nj ∼ p−γ+2. ngas is the gas
density in the shock region. Then one can find that fi(x = 0, p) ∼ p−γ+α and α > 0 is the slope of the diffusion
coefficient (in the following α is taken as 1 for a Bohm-like diffusion coefficient), this result indicates that he equilibrium
spectrum of the particles that take part in the acceleration is flatter than the injection spectrum of secondary particles
[22, 25]. As presented in [23] the secondary-to-primary ratio (such as p¯/p) which contributed from accelerating in the
SNR can be easily derived with above results
RSNR(E) ≃ cngas[A(E) + B(E)], (4)
where
A(E) = γ(1/ξ + r2)
∫ E
m
dyyγ−3
D−(y)
u2−
∫ Emax
y
dzz2−γσji(z, y), (5)
and
B(E) =
τSNr
2E2−γ
∫ Emax
E
dzz2−γσji(z, E). (6)
3One can easily find that B(E) term is nearly a small constant and has been neglected in this work, and A(E) ∝ E−κ+2
where κ represent a factor of nucleon collision which means that the slope of A(E) term dose not depend on the
accelerated process but only decided by the nucleon collision. For the case of antiproton A(E) ∝ E1.55 in [23]
indicated that κ ∼ 0.5 and κ ∼ 0.4− 0.6 when 40% uncertainty in nucleon collision process is taken into account. We
note here that the Eq.4 is also suitable for the case of positron fraction, the reason is that since positrons and electrons
suffered nearly the same energy loss after releasing into the interstellar space, so the energy losses of positrons and
electrons are cancelled out each other in the positron fraction. This conclusion may be seen from the BKG component
of positron fraction in the right panel of FIG.1. Spallation and decay are taken into account in [24, 25] (add a term
−Γifi on the right of Eq.1) which lead to a suppression of the secondary contribution at very high energies. In this
work we take a form of
RSNR(E) = NSNR(E/1GeV )
−κ+2exp(−E/Ec)
as the contribution of secondary particles accelerated in SNR, then the observed ratio of secondary-to-primary is
ROBS = RBKG +RSNR.
B. Background cosmic ray propagation model
Primary CRs are released into the interstellar space after accelerated in SNR sources and the secondaries CRs are
produced by the interaction of primary with the ISM, the propagation of CRs in the galaxy was described by the
transport equation [35, 36]
∂ψ
∂t
= ▽ · (Dxx▽ψ − Vcψ) +
∂
∂p
p2Dpp
∂
∂p
1
p2
ψ −
∂
∂p
[
p˙ψ − p
3
(▽ · Vcψ)
]
−
ψ
τf
−
ψ
τr
+Q(x, p), (7)
where ψ(−→r , p, t) is the CR density per unit of total particle momentum p at position −→r , Dxx is the spatial diffusion
coefficient that can be parameterized as Dxx = D0β(R/R0)
δ, where β = v/c and R = pc/Ze is the particle rigidity,
We use the default setting of the propagation parameters in the GALPROP D0 = 5.3× 1028 (cm2s−1), R0 = 4.0 GeV
and δ = 0.33, such values can fit the observational B/C, 10Be/9Be well. However, there exist degeneracies of different
set of propagation parameters which cannot be distinguished with present experiments, so we also consider the effect
of the propagation parameters on the exclusion line in the following. Dpp is diffusion coefficient in the momentum
space and is related to Dxx by
DppDxx =
4p2v2A
3δ(4− δ2)(4 − δ)ω
, (8)
where ω characterizes the level of turbulence and is taken as 1, vA is Alfve´n speed which is set at 33.5 kms
−1 in the
DR scheme. Vc is the convection velocity that is assumed to increase linearly with distance from the plane [35, 37],
▽ ·Vc represents adiabatic momentum gain or loss in the non-uniform flow of gas with a frozen-in magnetic field whose
inhomogeneities scatter the CRs [36], and p˙ = dp/dt is the momentum gain or loss rate, τr is the characteristic time
scale for radioactive decay and τf is the characteristic time scales for loss by fragmentation. Q(x, p) is the source term
including primary, spallation and decay contributions. The distribution of CR sources is taken as,
q(r, z) = q0(
r
r⊙
)ηexp(−ξ
r − r⊙
r⊙
−
|z|
zs
). (9)
where q0 is a normalization constant, r⊙ = 8.5 kpc is the solar position in the galaxy, zs = 0.2 kpc, η = 1.69 and
ξ = 3.33, r is the galaxy radius and a cut-off had been used in the source distribution at r = 20 kpc since it is unlikely
that significant sources are present at such large radii, z is the column height of the galaxy and its maximum value
is set to be zh = 4 kpc. The diffusion re-acceleration (DR) propagation model has been adopted in this work.
We point out that the same as the SNR component the BKG component can also be got by using phenomenological
AMS parametrization approach [27], or on the other hand the propagation of the SNR component (secondary particle
accelerated in SNR as a source) can also be calculated using GLPROP (and a nice fit results of positron fraction and
antproton ratio can be found in Ref.[25]). The former is a fully parametrization method while the latter is a fully
physical method, the limits do not change significantly between this two methdos [27], because the ratio (or flux) at
TOA is the same for the two methods. The aim of our method present in this work is to get the right ratio or fraction
at TOA, while providing the physical processes in some details at the same time. We also note that there are also
some other astrophysical models [38] which may account for the AMS-02 data well, but we do not discuss them in
details here.
4III. LIMITS ON THE DARK MATTER PARAMETERS
We consider DM annihilations or decays in the following channels,
χχ¯→ bb¯, uu¯,W+W−, µ+µ−, τ+τ−(annihilation)
χ→ bb¯, uu¯,W+W−, µ+µ−, τ+τ−(decay)
each with 100% branching ratio. The annihilations or decays of dark matter particles in the Milky Way dark matter
halo at the position −→r with respect to the Galactic center produce a primary flux with a rate (per unit energy and
unit volume) that is given by [39]
Qanni(
−→r , E) =
〈σv〉
2m2χ
dN
dE
× ρ2χ(
−→r ), (10)
Qdecay(
−→r , E) =
1
τmχ
dN
dE
× ρχ(
−→r ), (11)
where mχ is the DM mass, τ is the DM particle lifetime, 〈σv〉 is the DM velocity-weighted annihilation cross section,
dN/dE is the energy spectrum of SM particles produced in the annihilation or decay of DM particles which we
simulate using the event generator PYTHIA package [40], and ρχ is the density of dark matter particles in the Milky
Way halo. We note that the predictions of cosmic-ray fluxes originated from DM annihilations or decays crucially
depends on the distribution of DM in the galactic halo, however this astrophysical uncertainty is irreducible presently.
In this work the profile is adopted to be the Navarro-Frenk-White (NFW) distribution [41], the Einasto and Isothermal
distribution are also in consideration as a comparision.
ρ(r) =
ρs
(r/rs)(1 + r/rs)2
, (12)
where rs = 20 kpc and ρs = 0.26 GeV cm
−3. Such a value of ρs corresponds to a local DM energy density of 0.3 GeV
cm−3 [18]. We note that currently the more likely value is 0.43 GeV cm−3. Such a correction of course is minor but
the limits would be tighter by a factor of 2 (annihilation model) or 1.4 (decay model).
The statistical method of likelihood ratio test developed in [42] is adopted to put limits on a possible DM contribution
to the data measured by AMS-02. the likelihood function L(~θ) is taken the form as,
L(~θ) = exp(−χ2(~θ)/2), (13)
where ~θ =
{
θ1, θ2, · · · , θn
}
is the parameters of the model, and the χ2(~θ) function is
χ2(~θ) =
m∑
i
(λexpi − λ
the
i )
2
σ2i
. (14)
where m is the number of data, λexpi is the measured value and λ
the
i is the theory value for a certain model and the
σi is the known deviation of the measurement. The fit results of χ
2/d.o.f for antiproton and positron are 22/24 and
43/58 which means a quite well fit results (see FIG.1). Upper limits at the 95% C.L. on the DM annihilation or decay
rate are derived by increasing the signal normalization from its best-fit value of astrophysic source model we discussed
above until χ2 changes by 2.71 i.e.
χ2DM = χ
2 + 2.71. (15)
Following this procedure, the positron fraction is used to calculate the constraints on the annihilation cross section
and lifetime for the final states µ+µ− and τ+τ− while antiproton ratio is used to calculate the constraints on the
annihilation cross section and lifetime for the final states bb¯, uu¯ and W+W−, the results are presented in FIG.2.
We also compaire our results with the limits given by Ackermann et al. [34] which derived from the Fermi-LAT
gamma-ray Pass 8 data on the dwarf spheroidal satellite galaxies in the left panel of FIG.3, we find that our limits
are stronger than theirs both for the τ+τ− and bb¯ final states.
In the right panel of FIG.3 we study the the effect of the solar modulation on our results. After the galactic
CRs entering into the solar system due to the diffusion, these particles are suffered to convection, particle drift and
adiabatic energy loss in the interplanetary magnetic field carried out by the solar wind. Such an effect is the so-
called solar modulation which depends, via drifts in the large scale gradients of the solar magnetic field (SMF), on
5the particle charge including its sign. As a result, the solar modulation depends on the polarity of the SMF, which
changes periodically every∼ 11 years [44]. Recently the stochastic method is used to solve the four-dimensional Parker
(1965) transport equation which describes the transport of charged particles in the solar system, such progresses are
remarkable, however there are still some uncertainties in this theory and the code is time-consuming. So in this
work we only use the force field approximation since it work well above about 0.5 GeV [45]. We consider the solar
modulation uncertainty ∆φ ≃ 200 MV around the best-fit value φ = 845 MV, as showed in the right panel of FIG.3,
the uncertainty has a utmost value about 16% at 10 GeV, then decline to zero at ∼ 300 GeV.
In FIG.4 we study the the effect of the propagation parameters of zh, D0 and δ on our results (Just the bb¯ final
state is considered because for the final states of µ+µ− and τ+τ− the results are found to be insensitive of the
propagation parameters [29]). Specifically, each time we change one parameter and fix the others to be fiducial values
mentioned above. We find that the exclusion line alter slightly with the column height of the galaxy zh, so it may only
contribute about 2% uncertainty of our results if the uncertainty ∆zh ≃ 0.5 kpc is taken into account. The situation
changed significantly for the diffusion parameters D0 and δ since the diffusion process dominates the propagation of
antiprotons in the Galaxy. For example, with an uncertainty ∆D0 ≃ 1.0 × 1028 (cm2s−1) in D0, our limits changes
∼ 2% for mχ ≤ 30 GeV but ∼ 16% for mχ ∼ 30− 1000 GeV then declining to ∼ 10% above 1000 GeV. In the case
of δ if one consider the uncertainty ∆δ ≃ 0.1 in δ then it contributes about 4% uncertainty for mχ < 100 GeV, while
above 100 GeV the uncertainty raise to about 14%. In the right bottom panel of FIG.4 we study the the effect of DM
distribution profile on the limits, we can find that it contribute about 20% uncertainty in the whole DM mass range if
we consider the NFW profile as the standard DM distribution profile. So the propagation parameters contribute most
uncertainty at large DM mass (above ∼ 100 GeV) while the most uncertainty at low DM mass is contributed from
solar modulation, since the diffusion dominants the propagation of CRs at high energy while the solar modulation
effect the CRs mostly at lower energy. As a result, the uncertainty of the limits on the DM parameters is about
(20 − 30)% in the whole DM mass range if we take into account the contributions of propagation parameters and
solar modulation, this value raises to (40 − 50)% if the contributions of DM distribution profile has been taken into
account.
The other forms of uncertainty may contribute from the energy spectrum dN/dE, it may be different if dN/dE
is generated from the PPPC 4 DM ID package [46]. The degeneracy between diffusion re-acceleration (DR) and
diffusion convection (DC) propagation model may also contribute uncertainty to the limits results, but this maybe
tiny, specifically,for the final state bb¯, uu¯ and W+W− the diffusion dominants the propagation of antiproton , and
for the final states µ+µ− and τ+τ− the difference of limit results between DR and DC maybe little especially at
mχ > 200 GeV [28].
IV. CONTRAINS ON THE EFFECTIVE FIELD THEORY
A. Dark matter annihilation
In the following, we use our results to put limits on the parameters of effective field theory (EFT). We assume
the DM as a Dirac fermion (we note that in the above results we have assumed a self-conjugate DM particle, the
limits will improve by a factor 2 for the Dirac fermion case). We also assume that the WIMPs is a singlet under the
SM gauge groups, thus possesses no couplings to the electroweak gauge bosons at tree-level [47]. The WIMPs may
interact with the SM particles through a dark gauge sector, this symmetry is spontaneous breaking at low energy and
leading to a supression of the interacton between WIMPs and SM particles. The EFT can approximatively describe
such interaction by using higher-dimensional operators, and this method is model independent. But we should borne
in mind that this method will be broken down when the typical reaction energy is much higher than the mediator
mass. In this work we study the following EFT operators
O1 =
mf
Λ3
χ¯χf¯f
O2 =
mf
Λ3
χ¯γ5χf¯γ5f
O3 =
1
Λ2
χ¯γµχf¯γµf
O4 =
1
Λ2
χ¯γµγ5χf¯γµγ5f,
6where f is a SM fermion and mf is the mass, Λ =
M
gχgf
, M is the mass of the exchanged particle, gχ and gf are the
couplings. Then the annihilation cross section of the operators is given by [48]
〈σ1v〉 =
3m2f
8πΛ6
√
1−
m2f
m2χ
(m2χ −m
2
f )
〈
v2
〉
〈σ2v〉 =
3m2f
16πΛ6
√
1−
m2f
m2χ
m2χ
(
8 +
2m2χ −m
2
f
m2χ −m
2
f
〈
v2
〉)
〈σ3v〉 =
1
16πΛ4
√
1−
m2f
m2χ
(
24(2m2χ +m
2
f ) +
8m4χ − 4m
2
χm
2
f + 5m
4
f
m2χ −m
2
f
〈
v2
〉)
〈σ4v〉 =
1
16πΛ4
√
1−
m2f
m2χ
(
24m2f +
8m4χ − 22m
2
χm
2
f + 17m
4
f
m2χ −m
2
f
〈
v2
〉)
,
where v is WIMPs relative velocity in unit c. Specificly, in the early Universe
〈
v2
〉
≃ 0.3, while today
〈
v2
〉
≃ 10−6
(in the following, we use warm DM represents for the former case and cold DM for the latter case). We calculate the
limits on Λ for final state of b and u quarks, µ and τ leptons, and for each final state we consider the case of warm
DM and cold DM respectively. The corresponding results are showed in FIG.6. We can find that the limits of O2
operator and O3 operator are not sensitive to the relative velocity v.
B. Dark matter decay
As showed in right panel of FIG.2, the bound of DM lifetime is τ & 1028s, this indicates that the DM is stable. We
can speculate that the decay of WIMPs are suppress by a very large mass scale such as Planck scale Mpl. As pointed
out in [52] the global symmetries are generically violated at the Planck scale, to describe DM decay they proposed
some dimension-five effective operators which violate global symmetries. By requiring the couplings λ ∼ O(1), they
rule out a rather large DM mass range, including the classic WIMP mass range around the electroweak scale. We
also use our results to put limits on the coupling of the operators O9 and O15 (see left panel of FIG.6), our results
are similar to [52].
A main characteristic of the decay operators proposed in [52] is the decay final states of a DM only contain SM
particles, in the following we consider a DM may decay to another DM and SM particles at the same time, but without
taking into account the global symmetries. We consider a V−A effective interaction
HVA =
λ2
M2pl
ϕ¯1γµ(1 − γ5)χ1χ¯2γ
µ(1− γ5)ϕ2, (16)
where ϕ represents a SM particle. It decribes the decay process χ1 → χ2ϕ1ϕ2, in the following we assume that the
SM particles are massless because of the DM particles masses are always much larger than the SM particles. Then
the decay width of Eq.16 is given by
Γ =
λ4m5χ1
96π3M4pl
[1− 8y + 8y3 − y4 − 12y2lny], (17)
where y =
mχ2
mχ1
, mχ1 is the mass of DM χ1 and mχ2 is the mass of DM χ2. We also assume that the coupling
λ ∼ O(1). To ensure the possibility of the decay process χ1 → χ2ϕ1ϕ2 We require that the DM particle χ2 should
light than the DM particle χ1 i.e. y < 1. Then to have a solution for Eq.17, we should also require
96π3M4plΓ
λ4m5χ1
. O(1). (18)
This condition is presented in the right panel of FIG.6 (solid red line). In the right panel of FIG.6 we also give the
limits from AMS-02 and IceCube [53], we can see that the decay width Γ & 10−55TeV has been excluded. We also
calculate the decay width Γ for y → 1 and y = 0.5, ressult see the dot red line and solid blue line in right panel of
FIG.6. Thus the theory allowed region is between the red solid and red dot line, and for y = 0.5 we find that the the
allowed DM mass range is mχ . 3300TeV.
710
-5
10
-4
 1  10  100
p_
/p
Eenrgy (Gev)
AMS02
BKG+SNR
BKG
SNR
 0.1
 1  10  100
e
+
/(
e
- +
e
+
)
Eenrgy (Gev)
AMS02
BKG+SNR
BKG
SNR
FIG. 1: Fit to the AMS-02 antiproton ratio and positron fraction data with BKG component and SNR component.
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this and subsequent figures corresponds to the thermal relic cross section adopted from Steigman et al. [43]. Right panel: limits
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V. SUMMARY
In this work, we have derived limits on the dark matter annihilation cross section and lifetime using measurements of
the AMS-02 antiproton ratio and positron fraction data. In deriving the limits, we consider the scenario of secondary
particles accelerated in SNR which can explain the AMS-02 positron fraction and antiproton data at the same time,
and then we parameterize the contribution of the SNR and calculate the BKG ratio of positron and antipropton by
using GALPROP, then we add the SNR component to the BKG component as the total ratio at TOA. We use the
likelihood ratio test to determine the significance of a possible DM contribution to the antiproton ratio and positron
fraction measured by AMS-02. Upper limits at the 95% C.L. on the DM annihilation or decay rate are derived by
increasing the signal normalization from its best-fit value of background model, in this way we get the exclusion regions
of DM parameters, including the annihilation cross section and lifetime for the final states bb¯, uu¯, W+W− µ+µ− and
τ+τ− as a function of mχ, respectively. Specifically, the positron fraction is used to calculate the constraints on the
annihilation cross section and lifetime for the final states µ+µ− and τ+τ− while antiproton ratio is used to calculate
the constraints on the annihilation cross section and lifetime for the final states bb¯, uu¯ and W+W−. We find that
our limits are stronger than the limits given by Ackermann et al. [34] which derived from the Fermi-LAT gamma-ray
Pass 8 data on the dwarf spheroidal satellite galaxies.
We also consider the uncertainty in our results and find that the propagation parameters contribute most uncertainty
at large DM mass (above∼ 100 GeV) while the most uncertainty at low DMmass is contributed from solar modulation.
As a result, the uncertainty of the limits on the DM parameters is about (20−30)% in the whole DM mass range if we
take into account the contributions of propagation parameters and solar modulation, this value raises to (40− 50)%
if the contributions of DM distribution profile is taken into consideration.
Using this results, we also put limits on the suppression scale Λ of effective field theory as a function of the DM
particle mass mχ for DM annihilation, and we also propose an effective interaction operator which may account for
the stability of DM.
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